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ROBOT CONTROLLER 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to an articulated robot 
controller. In particular, the present invention relates to a 
robot controller capable of obtaining a position/attitude With 
high accuracy in consideration of the bendings of a robot 
mechanical section. 

[0003] 2. Description of the Prior Art 

[0004] As it is strongly required to reduce the Weight of 
robots and to increase the operating speed thereof, the 
mechanical sections of the robots are easy to bend more, and 
the in?uence of the bent mechanical sections on accuracy 
becomes unignorable. To cope With this problem, in con 
ventional robots, a high accuracy locus control has been 
actively controlled by compensating the bendings of a 
2-mass model caused by the loW rigidity of a reducer of each 
axis. As to robot arms themselves, a dimensionless ?exible 
arm (in Which a secondary mode, a ternary mode, . . . , of a 

resonance frequency exist) of one axis is arranged as a 
model using Beam Equation so that the arm is controlled by 
being made to have a loW dimension. Further, Japanese 
Patent No. 3120028, and the like propose a method of 
controlling the elastic deformation of an arm (link) by 
simply decomposing it into components in a motor rota 
tional direction. 

[0005] Articulated robots have a problem in that they are 
vibrated because the motion thereof is ampli?ed on the 
in?uence of axes, Which is not a problem in one-axis control. 
Controlling a ?exible arm has a draWback in that it requires 
a long calculation processing time. A problem of multi-axis 
control has not been taken into consideration until today. 
Further, the method disclosed in Japanese Patent No. 
3120028 described above cannot execute control perfectly 
because it only takes the elastic deformation of the arm 
(link) into consideration very simply. 

OBJECTS AND SUMMARY OF THE 
INVENTION 

[0006] An object of the present invention is to provide a 
robot controller capable of operating an articulated ?exible 
arm robot at a high speed With a high accuracy by correcting 
bendings produced in the robot. 

[0007] To achieve the above object, a robot controller 
according to the present invention for driving the respective 
links of a robot by respective actuators comprises a bending 
calculation means for determining the bendings produced in 
the respective joints at the target position/attitude of a robot 
hand distal end based on a teaching program, or determining 
the bending produced in the respective joints and respective 
links; a robot hand distal end offset calculation means for 
determining the offset from the target position and/or the 
offset from the target attitude of the distal end based on the 
thus determined bendings; and corrected position calcula 
tion means for determining the positions of the actuators for 
driving the robot hand distal end to a position and/or an 
attitude to Which a correction having the same magnitudes as 
those of the offset is applied in an inverse direction. 

[0008] According to the robot controller having the above 
structure, it is possible to position the robot to a target 
position/attitude by correcting the bendings of the entire 
robot. 
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[0009] Further, a robot controller for a robot Whose 
respective links are driven by respective actuators and Which 
executes a job by pressing a robot hand distal end against an 
object includes a sensor for detecting a reaction force 
produced When the robot hand distal end is pressed against 
the object; bending calculation means for determining the 
bendings produced in the respective joints at the target 
position/attitude of the robot hand distal end based on a 
teaching program; a robot hand distal end offset calculation 
means for determining the offset from the target position 
and/or the offset from the target attitude of the distal end 
based on the thus determined bendings; and a corrected 
position calculation means for determining the positions of 
the actuators for driving the robot hand distal end to a 
position and/or an attitude to Which a correction having the 
same magnitudes as those of the offset is applied in an 
inverse direction. 

[0010] According to the robot controller having the above 
structure, it is possible to maintain the position/attitude of 
the robot to a target value by correcting the bendings 
produced When the robot hand distal end is pressed against 
the object. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] The above and other objects and features of the 
present invention Will be apparent from the description of 
the folloWing embodiment taken in conjunction With the 
accompanying draWings, Wherein: 

[0012] FIG. 1 is an explanatory vieW of corrected D-H 
parameters; 

[0013] FIG. 2 is an explanatory vieW of the torques about 
respective axes in the coordinate system of a joint portion; 

[0014] FIG. 3 is an explanatory vieW of the bending of a 
link itself; 

[0015] FIG. 4 is an explanatory vieW of the main portion 
of a robot controller of an embodiment of the present 
invention; and 

[0016] FIG. 5 is a ?oWchart of processing for correcting 
bending (tWist) in the embodiment. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0017] First, the principle and method of an embodiment 
of the present invention Will be described With reference to 
a robot controller for controlling a six-axis vertical articu 
lated robot as an example. This principle and method are 
also similarly applicable to other types of robots. Further, 
corrected D-H parameters, for example, Will be used as 
physical parameters of the robot. Other parameters Will be 
also used similarly. 

[0018] The position/attitude x of a robot hand distal end on 
a World coordinate system is expressed by the folloWing 
formula. 

[0019] In the above formula, xt shoWs the position of the 
robot hand distal end on a tool coordinate system, and A0 to 
A6 are 4x4 coordinate transformation matrix. The corrected 
D-H parameters (d, a, 0, 0t, [3) are knoWn as parameters 
shoWing the coordinate transformation. In the corrected D-H 
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parameters, a represents an offset value between axes in an 
X-axis direction, d represents an offset value betWeen axes 
in a Z-axis direction, 0 represents a rotational angle about a 
Z-axis, 0t represents a rotational angle about an X-axis, and 
[3 represents a rotational angle about a Y-axis as shoWn in 
FIG. 1. Conventionally, attention is directed to only the 
rotation 0 about the Z-axis in consideration of only the 
spring property of a reducer about an axis as a parameter of 
rigidity. In the present invention, hoWever, it is contemplated 
that the rotational angles 0t and [3 about the X- and Y-axes 
also have a spring property, and these rotational angles, that 
is, tWists are regarded as bendings. Further, the coordinate 
transformation matrix A(A1A2 . . .A6) Where the corrected 
D-H parameters are used is expressed by the folloWing 
formula 

CGCB-SGSaSB —SOCa COS,B+SOSaC,B aCO (1) 

A_ SOC,B+COSaS,B C001 SGSB-CGSaCB aS0 

_ —Cz1S,B S11 CaCB d 

O O O l 

[0020] In the above formula (1), c0 represents cos(0), 
S0=sin(0), and so on. 

[0021] Thus, in the present invention, ?rst, forces and 
torques applied to the respective joints are determined from 
the angles and commanded speeds of the respective axes at 
the time by ignoring spring property using a NeWton-Euler 
method that is Widely knoWn as a calculation method of 
robot dynamics. The forces and torques can be determined 
With a relatively small amount of calculation, although the 
amount increases in proportion to an increase in the number 
of axes of a robot. 

[0022] When the torques about the X, Y, and Z-axes of the 
respective joints are TX, Ty, and T2, respectively, and the 
spring constants about the X-, Y-, and Z-axes are kx, ky, and 
k2, respectively, the amounts of tWist Aot, A[3, and A0 about 
the X-, Y-, and Z-axes are expressed by the folloWing 
formula. 

A6=Tz/kz 

[0023] It should be noted here that the spring constants kx, 
ky, and k2 are measured previously. 

[0024] Then, the corrected D-H parameters are calculated 
from the folloWing formulas. 

[0025] It should be noted here that, in the above formula, 
00 shoWs a rotational angle 0 in the corrected D-H parameter 

— CaSB 
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in a case Where an axial angle is “0” on a teaching pendant 

(in a command). Then, When it is assumed that the axial 
angle is j on the teaching pendant, the rotational angle 0 in 
the corrected D-H parameter is shoWn as “0=00+j”. Further, 
(XS, [3s, and 00s are the corrected D-H parameters 0t, [3, and 
0 Where no tWist is produced, and these corrected D-H 
parameters are previously determined by a method of cali 
bration, or the like. 

[0026] The respective axial angles 0 are determined from 
the target position x of the robot hand distal end by execut 
ing inverse transformation using the coordinate transforma 
tion matrix A shoWn by the above formula (1) With the 
corrected D-H parameters 0t, [3, and 00. The rotational angles 
0 of the respective axes are determined by alternately 
executing the inverse transformation and the forWard trans 
formation until the difference betWeen the position/attitudes 
of the robot hand distal end converges at a value equal to or 
less than a predetermined value. Then, commanded rota 
tional angles j are determined from the rotational angles 0 
When the difference converges at the value equal to or less 
than the predetermined value. The rotational angles j permit 
the robot hand distal end (tool center point) to be moved to 
a target point in consideration of the tWists (bendings) about 
the X-, Y-, and Z-axes of the joints. 

[0027] The above description assumes that elasticity exists 
about the X-, Y- and Z-axes of the respective joints. When, 
hoWever, if an elasticity exists at a portion other than the 
above, for example, at a some midpoint of an arm (link), the 
target point of the robot hand distal end (tool center point) 
is determined by the above method in consideration of tWist 
(bending) by creating a dummy coordinate system at the 
portion and by assuming that the number of axes of the robot 
is increased by the number of dummy axes provided. 

[0028] Further, the above description is made assuming 
the bending at the link portion as the tWist of a joint on a 
three-dimensional coordinate system. Thus, the in?uence of 
the attitude of the robot that is changed by the bending of the 
link itself is not taken into consideration in the above 
description. Then the tWist of the portion of a reducer (joint) 
is discriminated from the bending over the entire link, and 
the bending of the entire link is corrected to cope With the 
in?uence on the attitude, assuming that it in?uences the 
attitude of the robot. In this case, it is assumed that the link 
L is bent A0 at its joint and also the entire link L is bent 
uniformly, as shoWn in FIG. 3, With the result that the link 
L reaches a position Where the distal end point thereof 
rotates y. Considering the attitude of the distal end of the link 
L at this time, the attitude of the link L is further rotated y 
as compared With a case in Which the link L is approximated 
by a straight line Q. The coordinate transformation matrix A 
in this case is expressed by the folloWing formula 

O 



US 2002/0173878 A1 

[0029] In a case Where the bending of an entire link is 
taken into consideration, the coordinate transformation 
matrix A expressed by the above formula (2) is used. It 
should be noted that, in this case, the bending of the entire 
link is “0” When no bending is produced. That is, ys=0. The 
correction of the joints due to tWist is applied to other 
respects. 

[0030] The embodiment of the present invention Will be 
described beloW. 

[0031] FIG. 4 is a block diagram of the main portion of the 
controller for the six-axis vertical articulated robot of the 
embodiment of the present invention. This controller is 
arranged similarly to a controller for a conventional six-axis 
vertical articulated robot. A main processor 1, a memory 2 
composed of a RAM, ROM, non-volatile memory (such as 
EEPROM), and the like, a teaching pendant interface 3, an 
external device interface 6, and a servo controller 5 are 
connected to a bus denoted by a reference numeral 7. 
Further, a teaching pendant 4 is connected to the teaching 
pendant interface 3. 

[0032] Asystem program for supporting the basic function 
of the robot and the robot controller is stored in the ROM of 
the memory 2. Further, the operation programs and relating 
set data of the robot that is taught according to an application 
are stored in the non-volatile memory of the memory 2. The 
RAM of the memory 2 is used as a memory region in Which 
data used in various types of calculation processing executed 
by the main processor 1 is temporarily stored. 

[0033] The servo controller 5 includes servo controllers 
5a1 to 5a6 each composed of a processor, ROM, RAM, and 
the like for executing loop controls of the positions and 
speeds of servo motors for driving the respective axes and 
further the loop control of a current. The servo controller 5 
constitutes a digital servo controller using so-called softWare 
to execute loop controls of positions, speeds and current. 
Servo motors M1 to M6 of the respective axes are driven and 
controlled by the outputs from the servo controllers 5a1 to 
5a6 through respective servo ampli?ers 5b1 to 5b6. It should 
be noted that, While not shoWn, position/speed detectors are 
mounted on the respective servo motors M1 to M6, and the 
positions and speeds of the respective servo motors detected 
by the position/speed detectors are fed back to the respective 
servo controllers 5a1 to 5a6. Further, sensors provided With 
the robot and the actuators and sensors of a peripheral 
equipment are connected to an input/output interface 6. 

[0034] The robot controller described above is arranged 
similarly to that of the conventional robot controller. In the 
robot controller of this embodiment, it is intended to take the 
bendings in the joints and links of the robot into consider 
ation and to drive the servo motors M1 to M6 acting as the 
actuators of the respective axes by correcting the bending 
components so that the robot hand distal end (tool center 
point) is accurately driven and controlled according to a 
target position/attitude. 

[0035] FIG. 5 is a ?oWchart of correction processing 
executed by the main processor 1 of the robot controller to 
determine the target position/attitude of the robot hand distal 
end (tool center point) of the robot in consideration of the 
bendings of the joints. This processing is executed in a 
predetermined cycle as long as or longer than a calculation 
cycle in the servo control. It should be noted that various set 
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values are previously set. Corrected D-H parameters (XS, [3s, 
and 00s, When no tWist is produced around the respective 
axes on the coordinate systems of the respective joints, are 
previously determined and set by calibration. Further, the 
spring constants kx, ky, and k2 as the rigidity parameters 
about the respective axes on the coordinate systems of the 
respective joints are also measured and set previously. 

[0036] The rigidity parameters, the moments about the 
axes of the respective joints, and the position/attitude of the 
robot hand distal end have the folloWing relationship. 

f (moment, rigidity)=robot hand distal end position or 
attitude 

[0037] The folloWing formula is obtained from the above 
formula. 

rigidity=f’1 (robot hand distal end position or attitude, 
moment) 

[0038] Therefore, the robot is operated, the position/atti 
tude of the robot hand distal end is measured, the moments 
about the respective axes are determined by a NeWton-Euler 
method, or the like, and the rigidity parameters of kx, ky, and 
k2 are determined and set. 

[0039] First, a target position/attitude x commanded at this 
time, that is, a teaching point or an interpolating point x is 
read (step S1) by executing a teaching program. It is 
assumed in the embodiment that the position/attitude x is 
commanded in an orthogonal coordinate system based on a 
World coordinate system in the teaching program. 

[0040] Next, the angles and actual rotational speeds of the 
respective joints at this time are read (step S2). The torques 
Tx, Ty, and TZ about the axes of the respective joints are 
determined using the NeWton-Euler method based on the 
angles and actual rotational speeds of the respective joints 
Which have been read (step S3). Further, the torques Tx, Ty, 
and TZ about the respective axes are divided by the spring 
constants kx, ky, and k2 of the respective axes of the joints, 
Which have been previously measured and set, respectively, 
so that the tWists, that is, the bendings Aot, AB and A0 about 
the X-, Y-, and Z-axes of the respective joints are determined 
(step S4). 
[0041] The corrected D-H parameters (XS, [3s, and 00s 
Where no tWist is produced, each having been determined by 
calibration, are added to the tWists (bendings) Aot, AB, and 
A0, respectively, and a corrected D-H parameters 0t, [3, and 
00 in consideration of AOL, AB, and A0 are determined (step 
S5). Then, a rotational angle 0‘ is determined from the target 
position/attitude x read at step S1 by executing inverse 
transformation using the corrected D-H parameters (XS, [3s, 
and 00s Where no tWist is produced, and the rotational angle 
0‘ is stored as a rotational angle 0st at the beginning of 
correction (step S6). 

[0042] Next, a counter N is set to “0”(step S7), and a 
position/attitude x‘ is determined from the rotational angle 0‘ 
determined at step S6 by executing forWard transformation 
using the corrected D-H parameters 0t, [3, and 00 determined 
at step S5 (step S8). Then, the target position/attitude x read 
at step S1 is subtracted from the thus determined position/ 
attitude x‘ to thereby calculate the difference Ax therebe 
tWeen (step S9). 

[0043] It is determined Whether or not the absolute value 
of the difference Ax is smaller than a preset reference value 
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T, or Whether or not the value of the counter N exceeds a set 
value Nmax (step S10). When the absolute value of the 
difference Ax exceeds the reference value T and the value of 
the counter N does not exceed the set value Nmax, the 
difference Ax calculated at step S9 is subtracted from the 
present target position/attitude x and the result is set as a neW 
target position/attitude x (step S11). 

[0044] Next, a rotational angle 0‘ is determined from the 
neW target position/attitude x read at step S11 by executing 
inverse kinematics using the corrected D-H parameters (XS, 
[3s, and 00s, Where no tWist is produced, again and substi 
tuted for the previous rotational angle (step S12). Then, the 
counter N is counted up by 1 (step S13), and the process 
returns to step S8. 

[0045] Thereafter, the processing from step S8 to step S13 
is repeatedly executed until it is determined that the absolute 
value of the difference Ax becomes smaller than the refer 
ence value T or that the value of the counter N exceeds the 
set value Nmax. That is, a neW target position/attitude is 
determined by executing forWard kinematics and inverse 
kinematics alternately, and further the above processing is 
executed until the absolute value of the difference Ax 
betWeen the target position/attitude determined previously 
and the position/attitude neWly determined by the forWard 
kinematics becomes smaller than the reference value T. 
When the absolute value of the difference Ax becomes 
smaller than the reference value T or the value of the counter 
N becomes the set value Nmax, the process goes from step 
S10 to step S14 and stores the rotational angle 0‘ determined 
at that time as a ?nal rotational angle 0 (step S14). 

[0046] Further, the present difference Ax is displayed (step 
S15). That is, the differences from the target positions x, y, 
and Z of the robot hand distal end and the differences from 
the target attitudes W, p, and r thereof are displayed on the 
display unit of the teaching pendant 4 or on the display unit 
of a personal computer (not shoWn) connected to the robot 
controller (step S15). 
[0047] Next, it is determined Whether or not the absolute 
value of the difference betWeen the ?nal rotational angle 0 
and the rotational angle 0st at the beginning of correction, 
determined at step S6, is equal to or larger than a set 
threshold value 0max (step S16). When the absolute value is 
equal to or larger than the threshold value 0max, alarm is 
issued and alarm processing is executed to abruptly stop the 
robot by applying brake thereto and outputting speed reduc 
tion torque commands to the servo motors of the respective 
axes (step S18). In contrast, When the absolute value is less 
than the set value 0 max, a rotational angle j on the teaching 
pendant (rotational angle to be taught and commanded) is 
determined by subtracting the initial rotational angle 00, 
determined at step S5, from the ?nal rotational angle 0 and 
stored (step S17). 
[0048] Next, a second embodiment of the present inven 
tion, in Which correction is performed taking the bending of 
an entire link into consideration, as shoWn in FIG. 3, Will be 
described. 

[0049] In the second embodiment, the folloWing points are 
different from the processing shoWn by the processing 
?oWchart shoWn in FIG. 5. 

[0050] 1. At step S4, the bending angle y of the entire 
link as shoWn in FIG. 3 is calculated, in addition to 
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AOL, AB, and A0. This bending angle y is determined 
by dividing the torque TZ about the Z-axis deter 
mined at step S3 by the preset coefficient kZ‘ for 
determining the bending of the link. 

[0051] 2. Inverse kinematics and forWard kinematics 
at steps S6, S12, and S8 are executed using the 
coordinate transformation matrix A shoWn in the 
formula 

[0052] 3. In the inverse kinematics executed at steps 
S6 and S12, 15 the value y in the coordinate trans 
formation matrix A shoWn in the formula (2) is set to 
“0”. That is, as described above, ys=0 because no 
bending is produced. 

[0053] The second embodiment is the same as the case in 
Which only the bendings of the joints are taken into consid 
eration as described above except the above points. 

[0054] That is, a target position/attitude (teaching point, 
interpolating point) x commanded at the present time is read 
out and the axial angles and actual axis speeds of the 
respective axes are read, so that the torques Tx, Ty, and TZ 
about the axes of the respective joints are determined using 
the NeWton-Euler method. TWists Aot, AB, and A0 about the 
respective axes are determined by dividing the torques Tx, 
Ty, and TZ by the preset spring constants kx, ky, and k2 and 
the bending angle y of the link is determined by dividing the 
torque TZ by the set coef?cient kZ‘ (corresponding to steps 
S1 to S4). 

[0055] Next, corrected D-H parameters 0t, [3, and 00 in 
consideration of bendings (tWists) are determined by adding 
Aot, AB, and A0 to corrected D-H parameters (XS, [3s, and 00s 
Where no tWist is produced. Further, y is set to the value 
determined at previous step S4 With y=TZ/kZ‘ (corresponding 
to step S5). 

[0056] Next, a rotational angle 0‘ is determined from the 
target position/attitude x by executing inverse kinematics by 
the coordinate transformation matrix A of the formula (2) 
With the corrected D-H parameters (XS, [3s, and 00s, y=0. The 
rotational angle 0‘ is stored as a rotational angle 0st at the 
beginning of correction (corresponding to step S6). 

[0057] Further, a position/attitude x‘ is determined from 0‘ 
by executing forWard kinematics by the coordinate trans 
formation matrix A of the formula (2) With the corrected 
D-H parameters 0t, [3, and 00 and the value of y. Adifference 
Ax (=x‘—x) to the target position/attitude x is determined, a 
neW target position/attitude is determined by subtracting the 
difference Ax from the target position/attitude x, and a 
rotational angle 0‘ is determined from the neW target posi 
tion/attitude x by executing inverse kinematics by the coor 
dinate transformation matrix A of the formula (2) With the 
parameters (XS, [3s, 00s and y=0, (corresponding to steps S8 
to S13) and substituted for the previous rotational angle. 
Subsequently, the forWard kinematics and the inverse kine 
matics are alternately executed. When the difference Ax 
becomes smaller than the reference value T or the value 
resultant from the repeated execution of the forWard and 
inverse kinematics exceeds the set value Nmax, the deter 
mined rotational angle 0‘ is stored as a ?nal rotational angle 
0, and the difference Ax betWeen the target position/attitude 
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and the determined position/attitude is displayed on the 
display unit. Then, it is determined Whether or not the 
rotational angle 0st at the beginning of rotational angle 0 
correction processing is equal to or larger than a threshold 
value 0max. When the rotational angle 0st is equal to or 
larger than the threshold value 0max, alarm processing is 
executed, Whereas When the rotational angle 0st is less than 
the threshold value 0max, a rotational angle to be displayed 
on a teaching pendant, that is, a commanded rotational angle 
j is determined by subtracting the initial rotational angle 00 
from the determined rotational angle 0 (corresponding to 
steps S14 to S18). 

[0058] The above explanation is for the processing for 
determining the rotational angles j of the respective joints 
for positioning the robot to a target position/attitude by 
taking the bending (tWists) of the joints into consideration or 
by taking the bending (tWist) of the joints and also the 
bending of the links themselves into consideration, and 
correcting these bendings. 

[0059] These processings may be executed in the calcu 
lation cycle longer than the calculation cycle for servo 
control. In this case, the above processings are executed for 
a teaching point or an interpolating point as a target com 
manded position/attitude obtained by executing a teaching 
program. First, tWo rotational angles j in Which bendings 
(tWists) are corrected are determined by executing the afore 
mentioned processing tWice, and data obtained by interpo 
lating betWeen the tWo rotational angles j is supplied to the 
servo controllers 5a1 to 5a6 of the respective joints to 
thereby drive and control the servo motors M1 to M6. 
Thereafter, internal interpolation is executed betWeen a neW 
rotational angle j obtained by the aforementioned processing 
executed in the present cycle and a rotational angle j 
obtained by the aforementioned processing executed in the 
cycle immediately before the present cycle, and data 
obtained thereby is supplied to the servo controllers 5a1 to 
5a6 of the respective joints. That is, the robot actually starts 
operation With a delay of tWo cycles for correcting the 
bendings (tWists). 

[0060] In the above embodiment, the tWists (bendings) 
about the X-, Y-, and Z-axes of the coordinate systems of the 
joints of the robot and further the bending of the links 
themselves are corrected. HoWever, When elasticity exists at 
a portion other than the joints and tWits (bendings) are 
produced at the portion, a dummy coordinate system (joint) 
is created at the portion, and the aforementioned processings 
shoWn in FIG. 5 are executed assuming that the number of 
axes of the robot is increased. In this case, a rotational angle 
j to be commanded is “0” because there is actually no servo 
motor as an actuator at the dummy portion. Further, When a 
tool mounted at the distal end of a robot arm has a less rigid 
portion, the axis of the less rigid portion is designated and 
inputted by the teaching pendant 4. For example, this axis is 
expressed by a linear formula and inputted. Further, the 
Weight, shape, and the like of the tool are also inputted. 
Then, the less rigid portion is assumed as a dummy joint 
based on the linear formula of the axis, and a command for 
also correcting the bending of the less rigid portion is 
outputted by the aforementioned method. 

[0061] In the above embodiment, the torques Tx, Ty, and 
T2 about the respective axes on the coordinate systems of the 
joints are determined by the calculation using the NeWton 
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Euler method. HoWever, the torques Tx, Ty, and T2 about the 
respective axes may be detected using a force sensor or a 
torque sensor. In this case, the processings at steps S2 and S3 
shoWn in FIG. 5 are executed using the forces or torques 
obtained by these sensors. 

[0062] The present invention can be applied to a burr 
removing robot in Which a robot hand distal end is pressed 
against an object, Wherein the bending produced When the 
distal end is pressed against the object is corrected. In this 
case, a reaction force resulting the pressing operation is 
detected by the sensors as described above, and the afore 
mentioned correction processings are executed based on the 
reaction force, thereby the offset of the distal end position of 
the robot hand made by bending due to external force is also 
compensated. 

[0063] Further, the above embodiments shoW an example 
in Which a teaching program is programmed at a position on 
the orthogonal coordinate system. HoWever, in the case of a 
teaching program taught With the rotational angles of the 
respective articulate axes, the commanded rotational angles 
j of the respective articulate axes are read at step S1 and 
transformed to rotational angles 0. These rotational angles 0 
are considered to be rotational angles 0‘ and 0st in step S6, 
and the position/attitude x on the orthogonal coordinate 
system is determined by executing forWard kinematics With 
the rotational angle 0‘. Other processings are similar to those 
shoWn in FIG. 5. 

[0064] As described above, according to the present 
invention, the articulated ?exible robot can be operated at 
high speed With high accuracy by correcting the bendings 
produced in the robot. The robot can be operated With further 
high accuracy by executing correction taking the in?uence 
of an attitude that is changed not only by the tWists of the 
joints but also by the bendings of the entire links. 

[0065] Even When an amount of correction abnormally 
increases, it is made unnecessary to abruptly operate the 
robot because alarm is issued. 

[0066] When a calculation cycle for servo control is not 
sufficient for correction calculation time, a correction cal 
culation can be executed in a cycle longer than the calcu 
lation cycle for servo control, and thus it is not necessary to 
decrease the performance of the servo control itself. 

[0067] Further, it is possible to ?nd the accuracy and 
rigidity of the robot by displaying the offset of the robot 
hand distal end from a target position and/or the offset of the 
robot hand distal end from a target attitude. 

[0068] It is possible to correct not only the bending of a 
robot main body but also the bending produced in a tool 
mounted to the robot hand distal end, Where necessary. 

[0069] A troublesome adjustment job is not necessary 
because the rigidity parameters can be simply calculated 
from obtained data. 

[0070] The robot can be operated With high accuracy also 
in an application for executing a job by pressing the robot 
hand distal end. 

1. Arobot controller for driving respective links of a robot 
by respective actuators, comprising: 

bending calculation means for determining the bending 
produced in the respective joints at the target position/ 
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attitude of a robot hand distal end based on a teaching 
program, or determining the bendings produced in said 
respective joints and the respective links; 

robot hand distal end offset calculation means for deter 
mining the offset from the target position and/or the 
offset from the target attitude of the distal end based on 
the thus determined bendings; and 

corrected position calculation means for determining the 
positions of the actuators for driving the robot hand 
distal end to a position and/or an attitude to Which a 
correction having the same magnitudes as those of said 
offset is applied in an inverse direction. 

2. The robot controller according to claim 1, Wherein the 
bending calculation means determines the bending of the 
respective joints and the bendings of the links separately. 

3. The robot controller according to claim 1, Wherein said 
corrected position calculation means determines the posi 
tions of the actuators by a converging calculation in Which 
forWard kinematics in consideration of the bendings and 
inverse kinematics ignoring the bending are alternately 
repeated. 

4. The robot controller according to claim 1, further 
comprising means for determining the difference betWeen 
the positions of the actuators before and after the execution 
of correction of the bendings, Wherein When said difference 
exceeds a threshold value, alarm processing is executed. 

5. The robot controller according to claim 1, Wherein the 
corrected position calculation means determines the cor 
rected positions of the actuators in a cycle longer than a 
calculation cycle for servo control. 

6. The robot controller according to claim 5, Wherein the 
corrected positions of the actuators determined in the above 
cycle are internally interpolated and supplied to the actuators 
of the respective joints as commanded positions. 

7. The robot controller according to claim 1, comprising 
means for displaying the offset from the target position of 
the robot hand distal end determined above and/or the offset 
from the target attitude of the robot hand distal end deter 
mined above. 
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8. The robot controller according to claim 1, further 
comprising: 

means for designating an axis Where bending is produced 
in a tool mounted to the robot hand distal end; and 

means for correcting the offset of position and/or the 
offset of the attitude of the robot hand distal end 
produced by the bending. 

9. The robot controller according to claim 1, Wherein the 
optimum values of the rigidity parameters used by the 
bending calculation means are determined based on the 
position and/or the attitude of the robot hand distal end 
assumed When the robot is operated and the moment acting 
at that time. 

10. A robot controller for a robot Whose respective links 
are driven by respective actuators and Which executes a job 
by pressing a robot hand distal end against an object, 
comprising: 

a sensor for detecting a reaction force produced When 
pressing the robot hand distal end against the object; 

bending calculation means for determining the bendings 
produced in the respective joints at the target position/ 
attitude of the robot hand distal end based on a teaching 
program; 

robot hand distal end offset calculation means for deter 
mining the offset from the target position and/or the 
offset from the target attitude of the distal end based on 
the thus determined bendings; and 

corrected position calculation means for determining the 
positions of the actuators for driving the robot hand 
distal end to a position and/or an attitude to Which a 
correction having the same magnitudes as those of said 
offset is applied in an inverse direction. 


